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      
7DEOH*HRWHFKQLFDOGDWDFKDUDFWHULVWLFVYDOXHV
 6LWH$FWLYLW\
$QH[SHULPHQWDOUHVHDUFKSURJUDPKDVEHHQLPSOHPHQWHGIRUWKLVVLWHFRQVLVWLQJRI
 ERUHKROHVRIPGHSWKIRUPRQLWRULQJWKHYDGRVH]RQH
 MHWILOOWHQVLRPHWHUVZHUHLQVWDOOHGLQWKHERUHKROHVDWGHSWKYDU\LQJIURPPWRPLQ
RUGHUWRPRQLWRUVXFWLRQYDOXHVEHIRUHDQGDIWHUVLSKRQGUDLQVLQVWDOODWLRQVHHILJ
 ODERUDWRU\WHVWLQJRQVDPSOHVWDNHQIURPERUHKROHVERWKLQVDWXUDWHGDQGXQVDWXUDWHGVWDWH
IRU GHWHUPLQLQJ 6:&& DW OHDVW IRU WDUJHWHG VXFWLRQ UDQJH DQG PHFKDQLFDO FKDUDFWHULVWLFV RI VRLO
1RWHWKHODERUDWRU\WHVWLQJLVVWLOOLQSURJUHVVDQGZLOOQRWEHUHIHUUHGWRZLWKLQWKLVSDSHU
 
)LJXUH7HQVLRPHWHUVSRVLWLRQRQVLWHGHWDLODQGWKHVLSKRQGUDLQOLQH
,QWKHIROORZLQJILJXUHVDUHSUHVHQWHGWKHPHDVXUHGVXFWLRQYDOXHVDVUHFRUGHGE\WHQVLRPHWHUV
,WFDQEHVHHQWKDWWKHPD[LPXPVXFWLRQUHFRUGHGZLWKGUDLQDJHV\VWHPLQIXQFWLRQZDVRIN3D
FRPSDUHGWRN3DEHIRUHLWVLQVWDOODWLRQ7KLVFRQFOXVLRQLVQRWDILQDORQHDVPRQLWRULQJVKRXOGEH
FRQWLQXHGDQGIXUWKHUFRQFOXVLRQZLOOEHGUDZQ

VLSKRQGUDLQ
WHQVLRPHWHU
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

)LJXUH0HDVXUHGJURXQGZDWHUWDEOHDQGVXFWLRQYDOXHV
 6ORSH6WDELOLW\$QDO\VLV
)RUWKHFRQFHSWXDOXQGHUVWDQGLQJRIWKHSKHQRPHQDILYHVFHQDULRVZHUHDQDO\]HG
 ,QLWLDOVWDWHZLWKJURXQGZDWHUWDEOHDWPEJOVWDWLFFRQGLWLRQV
 ,QLWLDOVWDWHDVDERYHVHLVPLFFRQGLWLRQV
 6DWXUDWHG VORSH SUHVXPDEO\ DIWHU UDLQIDOOZLWK JURXQGZDWHU WDEOH DW P VWDWLF
FRQGLWLRQV
 6DWXUDWHGVORSHDVVFHQDULRVHLVPLFFRQGLWLRQV
 6LSKRQGUDLQVLQIXQFWLRQLQFOXGLQJPD[LPXPPHDVXUHGVXFWLRQVHLVPLFFRQGLWLRQV
DQGJURXQGZDWHUWDEOHDWPEJO
)RU DOO VFHQDULRV ZHUH SHUIRUPHG VORSH VWDELOLW\ DQDO\VLV XVLQJ 696ORSH VRIWZDUH  YDULRXV
PHWKRGVDVGHVFULEHLQFKDSWHUKHUHDERYHIRUHVWLPDWLQJXQVDWXUDWHGVRLOVVKHDUVWUHQJWK)RUWKH
VORSH VWDELOLW\ DQDO\VLV LWVHOI ZHUH XVHG  DQDO\VLV PHWKRGV )HOOHQLXV %LVKRS -DQEX 6LPSOLILHG
6SHQFHU)UHGOXQG¶V*/(*HQHUDO/LPLW(TXLOLEULXPDQG6DUPDRIWKHPEHLQJFRPPRQDQGZHOO
NQRZQ'HWDLOVDERXW)UHGOXQG¶V*/(PHWKRGFDQEHIRXQGLQ696ORSHPDQXDO7DNHQLQWRDFFRXQW
WKHVLWHOLWKRORJ\DQGVSHFLILFDVZHOODVVLWHREVHUYDWLRQV1RQFLUFXODUIDLOXUHVXUIDFHVZHUHXVHGDV
GHILQHGE\WKHXVHU7KHVORSHPRGHOLVVKRZQEHORZILJ
)RUWKHSXUSRVHVRIWKLVSDSHUZLOOEHSUHVHQWHGPRUHLQGHWDLORQO\VFHQDULRVDQGFRPSDULQJ
WKHVDWXUDWHGVORSHVLWXDWLRQDQGWKHRQHDIWHUGUDLQDJHLQVHLVPLFFRQGLWLRQV$OOUHVXOWVDUHSUHVHQWHG
LQ7DEOH)LJXUHVSUHVHQWWKHUHVXOWVXVLQJ0RKU&RXORPEPRGHOIRUVFHQDULRVDQG
2QH FDQ QRWH WKDW IRU D FRPSOHWHO\ VDWXUDWHG VORSH DIWHU D UDLQ\ SHULRG RI WLPH DQG LQ VHLVPLF
FRQGLWLRQVZKLFK LVDFRPPRQK\SRWKHVLVIRUVORSHVWDELOLW\DQDO\VLVLQVHLVPLFDUHDV WKHIDFWRURI
VDIHW\ )R6 LV ODUJHO\ EHORZ  ZLWKRXW GUDLQDJH PHDVXUHV ZKLOH ZLWK GUDLQDJH PHWKRG VLSKRQ
GUDLQVLVLQFUHDVLQJXSWR7KHVHYDOXHVDUHREWDLQHGXVLQJFKDUDFWHULVWLFYDOXHVRIJHRWHFKQLFDO
SDUDPHWHUV WKHUHIRUH  FDQ EH FRQVLGHUHG LQ VRPH FDVHV LQVXIILFLHQW GHSHQGLQJ RQ GHVLJQ
UHTXLUHPHQWV
Slope Stability Analysis Using the Unsaturated Stress Analysis. Case Study Loretta and Andreea
288


)LJXUH6ORSHPRGHO

)LJXUH6FHQDULRVHLVPLFFRQG*:7 P0RKU&RXORPEPHWKRG)RVPLQ 
DQG6FHQDULRVHLVPLFFRQGZLWKGUDLQDJH0RKU&RXORPEPHWKRG)RVPLQ 
2QH FDQ QRWH WKDW IRU D FRPSOHWHO\ VDWXUDWHG VORSH DIWHU D UDLQ\ SHULRG RI WLPH DQG LQ VHLVPLF
FRQGLWLRQVZKLFK LVDFRPPRQK\SRWKHVLVIRUVORSHVWDELOLW\DQDO\VLVLQVHLVPLFDUHDV WKHIDFWRURI
VDIHW\ LV ODUJHO\EHORZZLWKRXWGUDLQDJHPHDVXUHVZKLOHZLWKGUDLQDJHPHWKRG VLSKRQGUDLQV LV
LQFUHDVLQJXSWRZKLFKFDQEHDFFHSWDEOHLQVHLVPLFFRQGLWLRQVLIJHRWHFKQLFDOSDUDPHWHUVZHUH
XVHGDVGHVLJQYDOXHV
:KHQ FRQVLGHULQJ XQVDWXUDWHG SURSHUWLHV IRU VRLOV DERYH WKH JURXQG ZDWHU WDEOH XVLQJ WKH
SUHYLRXVO\GHVFULEHGPHWKRGVLPSOHPHQWHGLQWRWKH696ORSHVRIWZDUHIRUHVWLPDWLQJWKHXQVDWXUDWHG
VKHDUVWUHQJWKUHVXOWVDUHJHQHUDOO\LPSURYHGLQWHUPVRIVDIHW\DVLWFDQEHVHHQIURPWKHV\QWKHVLVRI
UHVXOWVLQ7DEOH$VXFWLRQYDOXHRIN3DZDVLQWURGXFHGLQWKHPRGHOIRUVFHQDULRDFFRUGLQJWR
WKHPD[LPXPYDOXHUHFRUGHGRQVLWH+HUHEHORZDUHSUHVHQWHGRQO\JUDSKLFDOUHVXOWV IRUPHWKRGV
ZKLFKRIIHUHGWKHPLQLPXPDQGPD[LPXPIDFWRURIVDIHW\±8QVDWXUDWHG)UHGOXQG¶VDQG9DQDSDOOL¶V
PHWKRGVILJ$OORWKHUUHVXOWVDUHJLYHQLQ7DEOH
$QDO\]LQJDOOUHVXOWVLQ7DEOHLWFDQEHHDVLO\REVHUYHGWKDWLQDEVHQFHRIGUDLQDJHWKHVORSHLV
QRWVWDEOHDQGHYHQZLWKWKHGUDLQDJHLQIXQFWLRQWKHVDIHW\PDUJLQVDUHQRWVXIILFLHQWLQVRPHFDVHV
7KXVRWKHUFRQVROLGDWLRQPHDVXUHVVKRXOGEHDQGKDYHEHHQFRQVLGHUHG


)LJXUH6FHQDULRVHLVPLFFRQGZLWKGUDLQDJH8QVDWXUDWHG)UHGOXQGPHWKRG)RVPLQ 
DQG6FHQDULRVHLVPLFFRQGZLWKGUDLQDJH8QVDWXUDWHG9DQDSDOOLPHWKRG)RVPLQ 
2EYLRXV D ODUJHU XQVDWXUDWHG ]RQH SRVVLEOH ZLWK LQFUHDVHG VKHDU VWUHQJWK SDUDPHWHUV LI VXFK
LQFUHDVH LVFRQVLGHUHGKDVD IDYRUDEOHHIIHFWDQG WKH IDFWRURI VDIHW\ LV LQFUHDVLQJ)RU WKH VWXGLHG
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
FDVHWKHPLQLPXPGLIIHUHQFHZDVUHFRUGHGIRU3KLEPHWKRGZKLOHWKHKLJKHVWRQHIRU
9DQDSDOOL¶VPHWKRG+RZHYHUWKLVPD\QRWEHWKHFDVHLQRWKHUVLWHFRQGLWLRQV
8QVDWXUDWHG3KLEPHWKRGFDQEHFRQVLGHUHGDV WKHVDIHVWRQHDVࢥEYDOXHFDQEHGHWHUPLQHG LQ
ODERUDWRU\RUE\DSSO\LQJWKHHPSLULFDOUXOHKDOIRIHIIHFWLYHIULFWLRQDQJOHYDOXHDQGDOVRLWLVHDV\RI
XVH .UDKQ  )UHGOXQG DQG 9DQDSDOOL PHWKRGV GHSHQG RQ 6:&& 7KH FRPSOH[LW\ RI WKH
DGGLWLRQDO FXUYH SDUDPHWHUV PD\ VORZ GRZQ WKH FDOFXODWLRQ EXW )UHGOXQG DQG ;LQJ HTXDWLRQ LV
H[FHOOHQWIRUWKHHYDOXDWLRQRIXQVDWXUDWHGVRLOFRQGLWLRQV9LODU
VPHWKRGDOORZVPRGHOLQJWKHVWUHQJWK
FRQWULEXWLRQRIXQVDWXUDWHGVRLOV
6FHQDULR 0RGH 0HWKRG )HOOHQLXV %LVKRS -DQEX
6
6SHQFHU */( 6DUPD
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 3KLE      
'\QDPLF 3KLE      
6WDWLF )UHGOXQG      
'\QDPLF )UHGOXQG      
6WDWLF 9DQDSDOOL      
'\QDPLF 9DQDSDOOL      
6WDWLF 9LODU      
'\QDPLF 9LODU      
6WDWLF .KDOLOL      
'\QDPLF .KDOLOL      
7DEOH6\QWKHVLVRIDOOUHVXOWV
,WFDQEHGLVFXVVHGIRUWKLVSDUWLFXODUFDVHLIWKHUHVXOWLQJIDFWRUVRIVDIHW\DUHDFFHSWDEOHRUQRWLI
WKHGUDLQDJHKDVUHDFKHGLWVPD[LPXPHIILFLHQF\RULIRWKHUDGGLWLRQDOPHDVXUHVVKRXOGEHWDNHQEXW
WKHVHDVSHFWVDUHEH\RQGWKHVFRSHRIWKLVSDSHU(YHQLIWKHODERUDWRU\WHVWLQJSURJUDPVFKHGXOHGIRU
WKLV VWXG\ LV QRW YHU\ H[WHQGHG ZKHQ UHDG\ ZLOO DOORZ UHILQLQJ WKH VKHDU VWUHQJWK SDUDPHWHUV DQG
GHWHUPLQH VSHFLILF XQVDWXUDWHG VRLO SDUDPHWHUV EDVHG RQ 6:&&DQG RQ VKHDU WHVW UHVXOWV EHLQJ VR
DEOHWRYHULI\WKHHVWLPDWHGSDUDPHWHUVZLWKLQ696ORSH
$VZHOODQXPHULFDOPRGHOLQJXVLQJ)(0FRXOGEHXVHIXOIRUFRPSDULQJWKHQXPHULFDOSUHGLFWLRQV
ZLWKWKHPHDVXUHGYDOXHVDQGWKLVZLOOEHSHUIRUPHGIXUWKHU
 &RQFOXVLRQV
&RQVLGHULQJWKHXQVDWXUDWHGSURSHUWLHVRIVRLOVDERYHZDWHUWDEOHLQVORSHVWDELOLW\DQDO\VLVDOORZWR
REWDLQPRUHUHDOLVWLF UHVXOWVDQG WRDVVHVV WKHHIILFLHQF\RIPHWKRGVVXFKDVGUDLQDJH+RZHYHU WKH
DYDLODELOLW\RIDOOXQVDWXUDWHGSDUDPHWHUVLVVFDUFHDQGLQWKHODUJHPDMRULW\RIFDVHVGHVLJQHUVSUHIHUV
WR SHUIRUP DQDO\VLV RQO\ LQ VDWXUDWHG FRQGLWLRQV IRU REWDLQLQJ WKH PLQLPXP SRVVLEOH YDOXH RI WKH
JOREDOVDIHW\IDFWRU2ULIXQVDWXUDWLRQFDQQRWEHDYRLGHGDVLQSUHVHQFHRIGUDLQDJHGHVLJQHUVQHHGD
VLPSOH PHWKRG IRU HVWLPDWLQJ WKH VKHDU VWUHQJWK SDUDPHWHUV LQ XQVDWXUDWHG FRQGLWLRQV 'DWDEDVHV
LQFOXGHG RU QRW LQ FRPPHUFLDO VRIWZDUH FDQ RI FRXUVH EH XVHIXO LQ FDVH RI ODFN RI WHVWV  6RPH
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
PHWKRGVDUHQRZDYDLODEOH IRUHVWLPDWLQJ WKH LQFUHDVH LQ VKHDU VWUHQJWKGXH WR LQFUHDVLQJ LQ VXFWLRQ
DQGVRPHRIWKHVHZHUHXVHGLQWKLVSDSHU
7KHSDSHUKDVUHYLHZHGEULHIO\WKHDYDLODEOHPHWKRGVDQG WKHQDSSOLHGWKHPIRUDFDVHVWXG\,Q
WKH FDVH VWXG\ DQ XQVWDEOH VORSH KDV EHHQ FRQVROLGDWHG XVLQJ PDLQO\ GUDLQDJH PHDVXUHV VLSKRQ
GUDLQVZKRVH HIILFLHQF\ZDV DVVHVVHG XVLQJ VXFWLRQPHDVXUHPHQW RQ VLWH DQG E\ UHHYDOXDWLQJ WKH
VORSH VWDELOLW\ EDVHG RQ PHDVXUHG VXFWLRQ YDOXH DQG RQ LQWURGXFLQJ HVWLPDWHG VKHDU VWUHQJWK
SDUDPHWHUV IRUXQVDWXUDWHG VRLOV)XUWKHU UHVHDUFK LVFXUUHQWO\RQJRLQJ UHODWHG WR ODERUDWRU\ WHVWLQJ
ZKLFKZLOODOORZYHULI\LQJDWOHDVWVRPHRIWKHHVWLPDWHGSDUDPHWHUV
6WDELOLW\DQDO\VLVSHUIRUPHGXVLQJGLIIHUHQWDQGFXUUHQWPHWKRGVRIDQDO\VLVDQGDOVRVSHFLILF
XQVDWXUDWHGPHWKRGVXVLQJ696ORSHVRIWZDUHVKRZHGIRUWKHVWXGLHGFDVHWKDWLPSURYHPHQWVRIWKH
VORSHVWDELOLW\ZDVREWDLQHG'UDLQDJHKDVSURYHQWREHHIIHFWLYHDQGOHDGLQJWKHVORSHLQWRDPDUJLQDO
VDIHW\ GRPDLQ ZKLFK FDQ GHPDQG IXUWKHU FRQVROLGDWLRQ PHDVXUHV $Q\KRZ FRQVLGHUDWLRQ RI RQO\
GUDZGRZQRIZDWHUWDEOHFRXOGQ¶WFRUUHFWO\PRGHOWKHUHDOVLWXDWLRQ
$FNQRZOHGJHPHQWV
$XWKRUV DFNQRZOHGJH 6RLO 9LVLRQ &RPSDQ\ IRU SURYLGLQJ OLFHQVH IRU 696ORSH 6RIWZDUH DQG
3URH[URP&RPSDQ\IRUSHUIRUPLQJWKHVLWHLQYHVWLJDWLRQV
5HIHUHQFHV
%LWWHOOL HW DO  0RQLWRULQJ VRLO  ZDWHU DQG GLVSODFHPHQW FRQGLWLRQV OHDGLQJ WR ODQGVOLGH
RFFXUUHQFHLQSDUWLDOO\VDWXUDWHGFOD\V*HRPRUSKRORJ\
)UHGOXQG DQG 5DKDUGMR  6RLO PHFKDQLFV IRU XQVDWXUDWHG VRLOV 1HZ <RUN $ :LOH\
,QWHUVFLHQFH3XEOLFDWLRQ-2+1:,/(<	6216,1&
)UHGOXQG DQG ;LQJ  (TXDWLRQ IRU WKH VRLOZDWHU FKDUDFWHULVWLF FXUYH &DQDGLDQ
*HRWHFKQLFDO-RXUQDO
)UHGOXQGDQG;LQJ)UHGOXQGDQG;LQJ6:&&3URMHFW35-1RUWKHUP6DVNDWFKHZDQ
&DQDGD
)UHGOXQG  7HDFKLQJ 8QVDWXUDWHG 6RLO 0HFKDQLFV DV 3DUW RI WKH 8QGHUJUDGXDWH &LYLO
(QJLQHHULQJ&XUULFXOXP6DSSRUR+RNNDLGR-DSDQ9LVLWLQJ3URIHVVRU
)UHGOXQG'* ;LQJ$ )UHGOXQG 0' DQG %DUERXU 6/  7KH UHODWLRQVKLS RI WKH
XQVDWXUDWHGVRLOVKHDUVWUHQJWKWRWKHVRLOZDWHUFKDUDFWHULVWLFFXUYH&DQDGLDQ*HRWHFKQLFDO-RXUQDO
*DYLQ DQG ;XH  $ VLPSOH PHWKRG WR DQDO\]H LQILOWUDWLRQ LQWR XQVDWXUDWHG VRLO VORSH
&RPSXWHUVDQG*HRWHFKQLF
.KDOOLOLDQG.KDEED]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